INTRODUCTION
Forces o t h e r than g r a v i t y are expected t o often dominate the m i g r a t i o n of bubbles i n o u t e r space. I n p a r t i c u l a r , thermocapillary forces w i l l cause bubbles t o migrate i n a thermal gradient. Consider t h e bubble depicted I n temperature, as i s o f t e n the case, the c o l d I n t e r f a c e w i l l have a higher surface tension than the h o t i n t e r f a c e . I f the thermal g r a d i e n t i s constant throughout the region, the a n a l y s i s of
Young e t a l . (1959) revealed t h a t the bubble w i l l u l t i m a t e l y migrate w i t h a steady v e l o c i t y .
The i n t e r f a c e next t o the hot l i q u i d w i l l be h o t t e r than t h a t n e x t t o Assuming t h a t surface tension v a r i e s I n v e r s e l y w i t h
The thermocapillary stresses are such I n the processing of m a t e r i a l s i n o u t e r space, nonisothermal b u b b l e -l i q u i d systems w i l l be common. Control o f these systems w i l l r e q u i r e a good understanding o f t h e r m o c a p i l l a r y migration. For example, bubbles form i n glass melts d u r i n g the manufacturing process; t h e i r removal i s e s s e n t i a l for the glass t o be u s e f u l .
During the containerless processing o f glass i n the microgravi t y environment o f space, thermocapi 1 l a r y -f o r c e s a r e expected t o ass1 s t t h e i r removal (Mattox e t a l . 1982, Subramanian 1981). Thermocapillary m i g r a t i o n may a l s o be important i n the design o f two-phase heat exchangers f o r use i n o u t e r space.
A poor design may unexpectedly p e r m i t bubbles t o migrate en masse t o the heating surface. A l a y e r of gas next t o t h e h o t surface would a c t as a thermal i n s u l a t o r and prevent the e f f i c i e n t t r a n s f e r o f heat t o the l i q u i d phase.
On Earth, g r a v i t a t i o n a l forces a i d I n t h e i r removal.
I n c o n t r a s t t o p r i o r experimental and t h e o r e t i c a l studies on thermocapillary m i g r a t i o n (Balasubramaniam and Chai 1987, Hardy 1979 , Mattox e t a l . 1982, Subramanian 1981, Szymczyk e t a l . 1987, Young e t a l . 19591, which focus upon steady systems, we here consider the unsteady development of thermocapi 1 l a r y m i g r a t i o n . Analysis o f unsteady thermocapll l a r y m i g r a t i o n i s important for several reasons. F i r s t , to study the steady state, one must be a b l e to estimate the time r e q u i r e d for t r a n s i e n t s t o d i e o u t . L a s t l y , the t r a n s i e n t p e r i o d i s expected t o be long for r e l a t i v e l y l a r g e bubbles; a theory f o r t h e i r t r a n s p o r t w i l l be u s e f u l . q u a n t i t y -oTaA/p. Because the bubble's reference frame i s n o n i n e r t i a l , t h e r e appears i n Eq. A t the interface, viscous and t h e r m o c a p i l l a r y s t r e s s e s balance a t each p o i n t . Now both T and v a r e axisymmetric w i t h respect to an a x i s t h a t passes through the bubble's o r i g i n and I s p a r a l l e l t o t h e u n l t v e c t o r k, which p o i n t s i n the d i r e c t i o n o f the temperature g r a d i e n t . T = T(r,B,t) and v = v(r,e,t) and t h a t the s t r e s s balance I s g i v e n by I n i t i a l l y for a l l space o u t s i d e the bubble and ( 2 ) f a r from the bubble for a l l t i m e . The n e g l e c t o f thermal t r a n s p o r t w l t h l n t h e bubble r e q u i r e s a zero thermal f l u x normal t o the bubble surface for t > 0. Because the bubble does n o t change i n size, the r a d i a l v e l o c i t y V r vanishes a t the i n t e r f a c e .
L a s t l y , t h e assumption of i n c o m p r e s s i b l l i t y r e q u l r e s V v = 0.
SOLUTION
To solve t h i s system o f equations, we defined a m o d i f i e d pressure f i e l d such t h a t i t s g r a d i e n t i s given by t h e q u a n t l t y w l t h i n parentheses I n Eq. 
l d s t h a t s a t i s f y the d i f f e r e n t i a l equations and a1 1 c o n d i t i o n s . dimensionless bubble v e l o c i t y O(s):
The s o l u t i o n y i e l d e d the f o l l o w i n g expression for the transformed,
M u l t i p l i c a t i o n o f t h i s expression by s and t a k i n g t h e l i m i t as s approaches zero y i e l d s a dimensionless terminal v e l o c i t y of 112, i n agreement w i t h the a n a l y s i s of Young e t a l . (1959). We a l s o a p p l i e d t h e i n i t i a l -v a l u e theorem twice t o Eq. (5) t o determine dU/dt a t t = 0. The f i r s t use of the theorem gave the expected r e s u l t t h a t U(0) = 0. The second use gave
The step-function character of the a c c e l e r a t i o n precluded f u r t h e r a p p l i c a t i o n of the i n i t i a l -v a l u e theorem.
To confirm t h a t the bubble remains spherical throughout t h e a c c e l e r a t i o n p e r i o d , we a p p l i e d our a n a l y t i c r e s u l t f o r the transformed stream f u n c t i o n t o the transformed normal s t r e s s c o n d i t i o n . The exact s a t i s f a c t i o n o f t h i s c o n d i t i o n i n d i c a t e s t h a t there i s no d e v i a t i o n from the s p h e r i c a l shape.

Numerical i n v e r s i o n v i a an IMSL r o u t i n e gave the bubble v e l o c i t y as f u n c t i o n s of t i m e w i t h Prandtl number as a parameter.
p l o t o f the dimensionless v e l o c i t y versus dimensionless time f o r P r a n d t l 
DISCUSSION
The two m o s t i n t e r e s t i n g features of F i g . 3 are t h a t ( 1 ) a l l t h r e e curves are n e a r l y l i n e a r before a t r a n s i t i o n t o the terminal v e l o c i t y and ( 2 ) the dimensionless t i m e t o the terminal v e l o c i t y ranges from o r d e r one t o o r d e r 100, depending upon the Prandtl number. These f e a t u r e s are discussed below.
For t < < 1, the dimensionless v e l o c i t y U ( t ) i s given
approximately by U ( t ) -6 t .
The value o f 6 ( c f Eq. ( 6 ) ) derives from the a c c e l e r a t i o n c a l c u l a t e d from a p p l i c a t i o n of the i n i t i a l value theorem. Equation ( 7 ) Another i n t e r e s t i n g f e a t u r e o f Eq. P r a n d t l number and the viscous scale i s appropriate. This product equals a2/ , , which i s the c h a r a c t e r i s t i c thermal time scale for the system. Observe t h a t for any value of P r , the l a r g e r o f the viscous or thermal scales appears t o be a good estimate o f the t r a n s i e n t period.
The above r u l e t o p r e d i c t the t i m e t o steady s t a t e was based upon
graphical data for three curves. For a more q u a n t i t a t i v e p i c t u r e , we examined numeric data f o r f i v e l i q u i d s having Prandtl numbers i n the range 0.01 i P r i 100. for each P r a n d t l number, we determined the dimensionless t i m e s fgO and percent (based upon the appropriate scale) for a bubble t o a t t a i n 90 and 95 1 are o f o r d e r u n i t y and =95 of t h e t e r m i n a l v e l o c i t y . A l l r e s u l t s (Table   c o n f i r m t h a t the r u l e i s c o r r e c t .
To understand why the above s c a l i n g works observe t h a t i f P r << 
SUMMARY
The unsteady thermocapi 1 l a r y m i g r a t i o n of a bubble w i t h i n an otherwise quiescent l i q u i d was studied v i a a n a l y t i c a l methods. Slow M i g r a t i o n o f a Gas Bubble i n a Thermal Gradient. 
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